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Abstract objectives The objective of this study was to evaluate the outcomes of the Ponseti manipulation
and casting method for clubfoot in a tertiary hospital in Zimbabwe and explore predictors of these
outcomes.
methods A cohort study included children with idiopathic clubfoot managed from 2011 to 2013 at
Parirenyatwa Hospital. Demographic data, clinical features and treatment outcomes were extracted
from clinic records. The primary outcome measure was the final Pirani score (clubfoot severity
measure) after manipulation and casting. Secondary outcomes included change in Pirani score (pre-
treatment to end of casting), number of casts for correction, proportion receiving tenotomy and
proportion lost to follow up.
results A total of 218 children (337 feet) were eligible for inclusion. The median age at treatment
was 8 months; 173 children (268 feet) completed casting treatment within the study period. The
mean length of time for corrective treatment was 10.2 weeks (9.5–10.9 weeks). Of the 45 children
who did not complete treatment, 28 were under treatment and 17 were lost to follow up. A Pirani
score of 1 or less was achieved in 85% of feet. Mean Pirani score at presentation was 3.80 (SD 1.15)
and post-treatment 0.80 (SD 0.56, P-value <0.0001). Severity of deformity and being male were
associated with a higher (worse) final Pirani score. Severity and age over two were associated with an
increase in the number of casts required to correct deformity.
conclusion This case series demonstrates that the majority (80%+) of children with clubfoot can
achieve a good outcome with the Ponseti manipulation and casting method.
keywords clubfoot, congenital talipes equinovarus, Zimbabwe, Ponseti, treatment, cohort analysis
Introduction
Congenital talipes equinovarus (CTEV), a deformity com-
monly called clubfoot, is a complex congenital condition
affecting the foot. It presents with varying degrees of
rigidity that is not passively correctable [1]. Untreated
clubfoot results in pain and disability [2]. The incidence
of clubfoot varies globally [3] and it is estimated that
80% of children born with clubfoot each year live in
low- and middle-income countries (LMICs) [4]. Boys
are affected 2.5 times as often as girls, and the condition
is bilateral in half of the cases [5]. The causes of club-
foot are poorly understood, but may include genetic
factors [6].
The Ponseti method of conservative clubfoot manage-
ment is considered the best practice [7] and avoids cor-
rective surgery in over 90% of cases [8]. Use of a
primarily non-operative technique is beneficial in LMICs
where there are limited resources and different cadres of
health workers can be trained to treat clubfoot [9].
The Ponseti method is divided into two distinct phases:
the corrective phase and the maintenance phase. The cor-
rective phase involves manipulation of the foot followed
by casting with plaster of paris. The cast holds the stretch
achieved through manipulation of tight structures and
allows time for soft tissue remodelling and correction of
the position of the bones in the foot [10]. Sequential cor-
rection of the cavus, adductus and varus of clubfoot
occurs around the talus [8]. A percutaneous Achilles
tenotomy is usually required to correct the residual equi-
nus (downward position of the foot), followed by
3 weeks in a cast to assist healing [11].
The maintenance phase consists of a bracing regime to
prevent recurrence. The foot abduction brace is worn
23 h a day for the first 3 months and then at night dur-
ing sleep until five years of age [11].
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This study examines the outcomes of the corrective phase
(manipulation and casting) for clubfoot as recommended by
the Ponseti method in a cohort of children undergoing treat-
ment at one referral hospital in Zimbabwe.
Methods
Ethical approval for this study was granted by the Joint
Research Ethics Committee for the University of Zim-
babwe, College of Health Sciences and Parirenyatwa
Group of Hospitals, and the ethics committees at the
Medical Research Council of Zimbabwe and the London
School of Hygiene and Tropical Medicine.
Study design
A cohort included children being treated for idiopathic
clubfoot at Parirenyatwa Hospital’s clubfoot outpatient
clinic in Harare from 22 March 2011 to 23 April 2013
(25 months). All children with a diagnosis of unilateral
or bilateral idiopathic clubfoot corrected by the Ponseti
method at the study hospital were eligible. There was no
restriction on previous treatment for clubfoot. The only
exclusion criterion was foot conditions other than idio-
pathic clubfoot, for example clubfoot associated with a
syndrome or comorbidity, such as spina bifida.
Children aged under 2 years. The corrective phase of the
Ponseti method followed the kinematic principles of cor-
rection [10] and involved weekly cast changes. The knee
was fixed at 90 degrees in the long leg plaster of paris
casts (toe to groin). Physiotherapists performed the
manipulation and casting, and casts were removed by
parents at the clinic in the morning of the appointment.
Medical officers performed a percutaneous Achilles teno-
tomy with local anaesthetic when indicated by clinical
assessment. The foot was held in a long leg plaster cast
in abduction and dorsiflexion for 3 weeks post-tenotomy.
The maintenance phase used the Steenbeek foot abduc-
tion brace [12] to hold both feet in seventy degrees
abduction. The brace was made locally and supply was
regular. The brace regime was initiated on the day of
removal of the final cast.
Children aged over 2 years. Children over 2 years were
treated with the modified principles of the Ponseti
method as recommended for older children [13]. Abduc-
tion of thirty to forty degrees was achieved with manipu-
lation and long leg plaster casts with seventy degrees of
knee flexion. The casts were changed weekly. A percuta-
neous Achilles tenotomy was performed for all children
aged over 2 years with residual equinus and the cast
post-tenotomy remained for 4–6 weeks. In the mainte-
nance phase, the foot abduction brace held both feet in
thirty degrees of abduction.
The key variables recorded on the clinic records by phys-
iotherapists and extracted by the researchers, included
child’s date of birth, gender, diagnosis, order of birth,
mother’s date of birth, place of birth, family history of club-
foot, side of affected foot, history of previous treatment and
weekly recording of Pirani score. The Pirani score is a classi-
fication system for assessing severity of clubfoot based on
clinical examination [14] and was scored by the clinic phys-
iotherapists. A decrease in score correlates to improvement
in deformity. The Pirani score is from 0 to 6 where zero is a
normal foot and six is the most severe deformity. Scoring is
performed at half-point intervals.
Data management and analysis
Data were managed and analysed using Stata 14.1, Stata-
Corp 4905, Lakeway Drive College Station, Texas 77845,
USA. A hierarchical conceptual framework for analysis
was developed [15]. The primary outcome measure was
defined as Pirani score at the end of the manipulation and
casting phase, with success determined as a score of 1 or
less. The following secondary outcomes were defined: (i)
the change in Pirani score from pre-treatment (first manip-
ulation and casting appointment) to post-treatment (first
brace fitting); (ii) number of casts required for correction,
inclusive of the final cast after tenotomy; (iii) proportion
having a tenotomy; (iv) proportion lost to follow up (de-
faulted appointment during casting and was not seen
again).
Three factors that may influence the Ponseti manipula-
tion and casting process were identified a priori: age at
first treatment, history of previous treatment and pre-
treatment severity of deformity. Age at first treatment
and a combination of treatments may affect the extent of
clubfoot correction [16]. Response to casting may be
influenced by initial presenting severity [4, 17]. Gender
was included as a fourth possible predictor according to
the hierarchical conceptual framework.
Age at first treatment was defined as a binary variable
(≤2 or >2 years) to allow comparison to findings from the
literature. An ordered categorical variable for pre-treat-
ment severity of deformity was created based on Pirani
score before treatment. An increase of 1 in the categorical
variable represents an increase of 0.5 in the Pirani score.
Statistical methods
The associations between outcomes and gender, age at
first treatment, history of previous treatment and severity
1312 © 2016 John Wiley & Sons Ltd
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category were explored. Statistical significance for the
case series was set at the 95% confidence level.
The outcomes of Pirani score (final and change in
score) were analysed by feet. The outcomes of number of
casts, tenotomy performed and loss to follow up were
analysed by child.
Unilateral and bilateral clubfeet were included in analy-
sis of the Pirani score. As right and left feet are correlated
in the same child [18], a random effects model was used
to assess the association between potential predictors and
the Pirani score. The random effects model means that
the right and left feet on the same child were not treated
as independent. A linear regression model was fitted for
the outcome of number of casts. This was possible on an
individual level as children with bilateral clubfeet had the
same number of casts applied per foot to enable both
tenotomies to be performed on the same day. A logistic
regression model was fitted to assess factors associated
with the binary variables of tenotomy performed and loss
to follow up. The models assumed no effect modification.
A second model was constructed with a backward
elimination approach to identify a model of best fit and
the joint predictive capability of the variables [19]. Any
variable that affected the primary outcome by less than
10% was dropped and not considered as a confounder
[19]. Further adjustment through backward elimination
did not change the outcome of the first random effects
model and is not included in the results.
Results
Characteristics
A total of 218 children (337 feet) with a diagnosis of
idiopathic clubfoot presented for treatment (Figure 1); 28
children were excluded from analysis as they had yet to
complete the manipulation and casting treatment, and of
the remaining 190 children, 17 (8.9%) were lost to fol-
low up during the casting period. Loss to follow up was
not associated with gender, age at first treatment, previ-
ous treatment or severity; 173 children completed treat-
ment within the study time period and continued to the
bracing phase (Table 1). Mean length of time for the cor-
rective phase was 10.2 weeks (9.5–10.9 weeks) and is
inclusive of the final cast post-tenotomy.
Bilateral clubfoot was seen in 90 children (52%); 83
(48%) had unilateral clubfoot (37 left and 46 right). The
sample included more males than females. The median
age at first treatment was 8 months (interquartile range
2.8 months to 20.1 months old); 169 (97.7%) children
218 children with
idiopathic clubfoot
190 children eligible for 17 lost to follow up
28 children yet to
complete casting
analysis
173 children (268 feet)
completed casting and
continued to bracing
Figure 1 Flow chart of clubfoot treatment pathway.
Table 1 Characteristics of the children who completed manipu-
lation and casting (N = 173)
Characteristics N (%)*
Gender
Male 119 (68.8)
Female 54 (31.2)
Previous treatment†
None 40 (23.7)
Kite Method 118 (69.8)
Long leg cast 8 (4.7)
Short leg cast and surgery 2 (1.2)
Strapping 1 (0.6)
Presentation age
≤2 years 143 (82.7)
>2 years 30 (17.3)
Birthplace‡
Hospital 73 (45.3)
Clinic 73 (45.3)
Home 15 (9.2)
Side of clubfoot
Bilateral 90 (52.0)
Unilateral 83 (48.0)
Birth order†
First born 61 (36.1)
Second born 47 (27.8)
Third born 37 (21.9)
≥Fourth born 24 (14.2)
Previous family history§
Yes 18 (10.5)
No 153 (89.5)
Age of mother at first treatment‡
≤20 23 (14.3)
20.1–30 89 (55.3)
30.1–40 42 (26.1)
≥40.1 7 (4.3)
*Percentage excluding missing values.
†Missing for 4 children (2.3%).
‡Missing for 12 children (6.9%).
§Missing for 2 children (1.2%).
© 2016 John Wiley & Sons Ltd 1313
Tropical Medicine and International Health volume 21 no 10 pp 1311–1318 october 2016
T. Smythe et al. Clubfoot treatment after manipulation and casting using the Ponseti method
were under the age of 5 years, with four children
between 5 and 6 years of age. At presentation, 67
(38.7%) children were under 6 months, and 40 (23.7%)
children were new referrals with no previous treatment;
118 of 129 (91.5%) children with a history of previous
treatment were treated with below-knee casts using the
Kite method [20]. The mean number of casts reported
with the Kite method was 16.03 (95% CI: 13.94–18.12).
Less than 10% of children were born at home. A family
history of clubfoot was reported by 18 (10.5%) parents.
Pirani score
Of the 173 children (268 feet) who completed casting,
161 children (246 feet) had a full record of pre- and
post-treatment Pirani scores (Table 2).
At the start of treatment, 221 of 246 feet (89.8% –
boys 90.9% and girls 89.2%) had a Pirani score of 2.0
or more. After completion of the corrective phase, 209 of
246 feet (85.0%) achieved a Pirani score of 1 or less, of
which 37 feet had a Pirani score of 0; 99 achieved 0.5;
and 73 had a Pirani score of 1. A further 27 (11.0%) feet
had a Pirani score of 1.5 and 10 (4.0%) failed to achieve
a score of 1.5 or less.
A Pirani score of 1 or less was achieved more fre-
quently in girls with clubfoot than boys (94.0% vs.
81.5%). The multivariable adjusted regression model
showed that a girl’s foot was 7.49 (95% CI: 1.24–45.45)
times more likely to achieve a score of 1 or less after
manipulation and casting than that of a boy. A more sev-
ere clubfoot was less likely to achieve an end Pirani score
of 1 or less (AOR = 0.75, 95% CI: 0.56–0.99). Age at
first treatment and previous treatment were not associ-
ated with final Pirani score (Table 3).
The mean Pirani score on presentation was 3.80 (SD
1.15), and mean Pirani score on final cast removal was
0.80 (SD 0.56) with P < 0.001 on paired t-test for
change in Pirani score. Change in Pirani score is demon-
strated in Figure 2.
Boys with clubfoot experienced less change in score
than girls [0.25 (95% CI: 0.43 to 0.07) (Table 4). A
more severe clubfoot was likely to have a greater change
in score with treatment. There is no evidence that age at
first treatment or history of previous treatment is associ-
ated with change in Pirani score after multivariable
adjustment.
The mean initial Pirani score for a girl’s foot was 3.40
(95% CI: 3.05–3.74) and for a boy’s foot, 3.76 (95% CI:
3.60–3.93). While there was overlap in the confidence
intervals, there is a trend for girls having less severe
deformity at baseline, which may explain the better
(lower) final Pirani score outcome.
Number of casts
The mean number of casts required in the case series to
completion of corrective phase was 7.27 (95% CI 6.7–
7.9) (Table 5). Children under the age of 2 years required
fewer casts (1.72, 95% CI 3.27 to 0.18), but the
more severe the initial deformity, the more casts were
required (0.75, 95% CI: 0.44–1.06). There was no
Table 2 Pre- and post-treatment Pirani scores of feet that
completed casting
Pirani score
Pre-treatment foot
N* (%)†
Post-treatment foot
N* (%)†
0–1.0 13 (5.3) 209 (85.0)
1.5 12 (4.9) 27 (11.0)
2.0–6.0 221 (89.8) 10 (4.0)
Total 246 (100.0) 246 (100.0)
*Missing for 22 children.
†Percentage excluding missing values.
Table 3 Factors associated with a Pirani score of 1 or less (Number of feet = 246)
Predictor Variable Category
Score ≤1
Feet N (%)
Score >1
Feet N (%) Crude OR (95%, CI)
AOR for all variables*
(95%, CI)
Gender Male 146 (81.6) 33 (18.4) 1 1
Female 63 (94.0) 4 (6.0) 5.13 (1.07, 24.70) 7.49 (1.24, 45.45)
Age at first treatment >2 years 31 (70.5) 13 (29.5) 1 1
≤2 years 178 (88.1) 24 (11.9) 4.89 (1.23, 19.49) 1.13 (0.31, 4.10)
Previous treatment No 52 (91.2) 5 (8.8) 1 1
Yes 154 (83.7) 30 (16.3) 0.43 (0.11, 1.69) 0.46 (0.11, 1.95)
Pre-treatment severity category Unit increase 0.82 (0.63, 1.06) 0.75 (0.56, 0.99)
*Adjusted for place of birth, family history, birth order, affected foot, mother’s age and remaining three potential predictors using a
random effects model.
1314 © 2016 John Wiley & Sons Ltd
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association between gender or previous treatment and the
number of casts required to achieve correction.
Achilles tenotomy
A percutaneous Achilles tenotomy was performed on 127
(78.9%) of 161 children who completed treatment to
bracing phase; 69 tenotomies were on bilateral feet and
58 on unilateral (Table 6).
A child with a history of previous treatment was 8.15
(95% CI: 2.00–33.20) times more likely to have a teno-
tomy performed than a child with no prior treatment. An
increase of pre-treatment Pirani score increased the likeli-
hood that a tenotomy was performed (AOR = 1.72, 95%
Figure 2 Distribution of change in Pirani
score from pre- to post-treatment.
Table 4 Predictors of change in pre- to post-treatment Pirani scores (N feet = 246)
Predictor variable Category
Mean score change
(95%, CI)
Crude coefficient
(95%, CI)
Adjusted coefficient*
(95%, CI)
Gender Female 2.87 (2.52, 3.23) Reference Reference
Male 2.93 (2.75, 3.11) 0.07 (0.35, 0.50) 0.25 (0.43, 0.07)
Age at first treatment >2 years 2.59 (2.23, 2.96) Reference Reference
≤2 years 2.99 (2.81, 3.17) 0.50 (0.01, 1.01) 0.01 (0.23, 0.21)
Previous treatment No 3.57 (3.25, 3.89) Reference Reference
Yes 2.70 (2.52, 2.88) 0.91 (1.35, 0.47) 0.06 (0.13, 0.26)
Pre-treatment severity category Unit increase 0.47 (0.45, 0.50) 0.47 (0.44, 0.50)
*Adjusted for place of birth, family history, birth order, affected foot, mother’s age and remaining three potential predictors using a
random effects model.
Table 5 Factors associated with number of casts (N = 164)
Predictor Variable Category
Mean number of casts
(95%, CI)
Crude coefficient
(95%, CI)
Adjusted coefficient*
(95%, CI)
Gender Female 6.53 (5.47, 7.58) Reference Reference
Male 7.61 (6.80, 8.42) 0.65 (0.69, 2.00) 0.53 (0.87, 1.94)
Age at first treatment >2 years 9.04 (7.25, 10.83) Reference Reference
≤2 years 6.90 (6.22, 7.57) 1.72 (3.27, 0.18) 2.49 (4.10, 0.88)
Previous Treatment No 7.55 (6.26, 8.84) Reference Reference
Yes 7.24 (6.46, 8.01) 0.62 (2.10, 0.85) 0.37 (1.16, 1.90)
Pre-treatment severity category Unit increase 0.75 (0.48, 1.01) 0.75 (0.44, 1.06)
*Adjusted for place of birth, family history, birth order, affected foot, mother’s age and remaining three potential predictors.
© 2016 John Wiley & Sons Ltd 1315
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CI: 1.33–2.23). There was no evidence for an association
between gender or age at first treatment and whether a
tenotomy was performed.
Discussion
The gender ratio and bilateral to unilateral clubfoot ratio
are similar to global figures, with more males than
females (2.2:1) and slightly more bilateral than unilateral
cases [21]. The most common presenting Pirani (severity)
score was 4.5, suggestive of a moderately severe clubfoot
presentation, although less severe than other clubfoot
cohort reports in the region [17, 22, 23]. Children
attended Parirenyatwa clubfoot clinic prior to the intro-
duction of the Ponseti method when treatment was with
the Kite method [20]. The reduced initial Pirani scores
are likely to be due to the inclusion of 118 children who
had previous treatment with the Kite method. The mean
age at first treatment was 13.5 months and less than
39% of children presented under 6 months of age.
This large cohort in Zimbabwe found that the Ponseti
manipulation and casting method was successful in 85%
of feet, when success is defined as a Pirani score of 1 or
less at the end of the correction phase. However, further
follow-up of this cohort is required to evaluate the
longer-term outcome after bracing up to the age of
5 years. It will be important to see whether the good
results obtained in the manipulation and casting phase
can be maintained through the bracing phase when com-
pliance with treatment is likely to be a greater problem.
Also, it will be necessary to evaluate the patient or carer
reported functional outcome, as well as the anatomical
structural outcomes [24].
The only predictor of low Pirani score at the end of
casting was female gender. Severity of deformity was
associated with a larger change in Pirani score (pre- to
post-treatment), which is in line with current literature
that suggests the Ponseti method is also effective in severe
cases [25]; however, a higher Pirani score at baseline was
less likely to achieve a satisfactory outcome (Pirani score
of 1 or less) on completion of manipulation and casting.
Children with high Pirani scores at presentation (sever-
ity of clubfoot) were more likely to require additional
casts as expected [17, 25, 26]. In addition, more casts
were required for the correction of clubfoot for children
over 2 years.
The proportion of children having tenotomy in the cur-
rent series (78.9% of children/79.7% of clubfeet) is
higher than reported in most studies from sub-Saharan
Africa [27]. The Parirenyatwa clubfoot clinic is a physio-
therapist-led clinic and communication with the ortho-
paedic department occurred regularly regarding the
progress of correction and timing of tenotomy. Medical
officers and equipment were available to complete the
required tenotomies upon request.
Children with high Pirani scores at presentation were
more likely to require tenotomy, as shown previously
[28]. This is likely due to tighter connective tissues which
are evident in severe deformity and could relate to a
biomechanical difference in the collagen itself [29]. In
addition, children with a history of previous treatment
were over eight times more likely to have a tenotomy
performed than if there was no history of prior treat-
ment. This may be due to previous inadequate manage-
ment with the Kite procedure [30], or because children
referred to Parirenyatwa with a history of previous treat-
ment may have had more severe deformity, as children
treated successfully elsewhere would be less likely to pre-
sent to the clinic.
Seventeen children were lost to follow up during cast-
ing. No attempt was made to contact those lost to follow
up. While services are provided free of charge for chil-
dren under the age of five at Parirenyatwa, further cul-
tural, financial and structural barriers pertinent to
surgery [31] may contribute to the ability to adhere to
treatment.
Table 6 Factors associated with tenotomy (N = 173)
Predictor variable Category
Tenotomy
N (%)
No Tenotomy
N (%) Crude OR (95%, CI) Adjusted OR* (95%, CI)
Gender Female 36 (72.0) 14 (28.0) 1
Male 91 (81.3) 21 (18.7) 1.69 (0.77, 3.67) 1.72 (0.54, 5.48)
Age at first treatment >2 years 23 (79.3) 6 (20.7) 1
≤2 years 104 (78.2) 29 (21.8) 0.94 (0.35, 2.51) 0.99 (0.20, 4.99)
Previous treatment No 27 (69.2) 12 (30.8) 1
Yes 97 (80.2) 24 (19.8) 1.64 (0.72, 3.78) 8.15 (2.00, 33.20)
Pre-treatment severity category Unit increase 1.51 (1.26, 1.81) 1.72 (1.33, 2.23)
*Adjusted for place of birth, family history, birth order, affected foot, mother’s age and remaining three potential predictors.
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Results of the current cohort of children treated at
Parirenyatwa hospital may not be representative of other
settings in Zimbabwe. This tertiary referral clubfoot
clinic had a regular supply of plaster of paris, Steenbeek
foot abduction braces and access to Medical Officers dur-
ing the study time period. It is difficult to generalise the
results to clinics that experience shortages of orthopaedic,
surgical and material resources.
Well-maintained medical records for a large cohort of
children in a low-income country are strengths of this
study and the 173 cases provide one of the largest case
series reported in sub-Saharan Africa.
The study has a number of limitations. There was no
comparator (control or other treatment group) within
the case series. Although attribution of the change in
Pirani score to the intervention is plausible, it is not
proven. The study participants were self-selected and
therefore selection bias cannot be ruled out. In addition,
the Pirani score has been reported to have good intra-
and inter-rater reliability and validity in young children
[14] and is recommended for use in LMICs [32]; how-
ever, it is not validated for older children. No informa-
tion was available from the medical records as to
whether further treatment including surgery was per-
formed on the 37 feet that failed to achieve a Pirani
score of 1.
Plausible evidence from case studies, before-and-after
treatment studies and a small number of RCTs suggests
the minimally invasive Ponseti method as the best prac-
tice. Continued evaluation of treatment results is
required, and in the light of the evidence, randomised
controlled trials with historical techniques are unethical.
A standardised method of reporting service delivery is
necessary for the evaluation of outcomes between clinics
and regions. In addition, clearly outlined protocols will
assist further exploration of the Ponseti method
outcomes and predictors of success for clubfoot
management.
In conclusion, a consensus is required on a simple user-
friendly definition of success for the Ponseti method to
compare one series with another and to assist field thera-
pists monitor the results. Success for this case series on
the completion of the corrective phase of treatment was
defined as a Pirani score of 1 or less. The case series
demonstrates that the majority (80%+) of children with
clubfoot can achieve a Pirani score of 1 or less, with a
relatively small loss to follow up (8.9%) to completion of
corrective phase. Age at presentation and previous history
of treatment did not greatly affect the final Pirani score.
Follow-up is required to assess maintenance of a good
result and if a low dropout rate can be maintained
through bracing.
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